Introduction
Breast cancer is the most common type of cancer in women, with continuous increasing incidence. Adjuvant postoperative therapies for breast cancer are, with no doubt, responsible for improved outcome and increased survival by reducing the risk of local recurrences by about two-thirds [1] . Nevertheless, most of these therapies and their combination can potentially cause various acute and late cardiovascular complications that are considered the leading cause for increased morbidity and mortality in cancer survivors, not related to the neoplasia itself [2] . Cardiac damage may not be apparent until years after the end of adjuvant cancer therapies, but when symptomatic, the evolution is rapid and the prognosis is significantly influenced.
We present a case of severe heart failure secondary to complex cardiac damage 6 years postradio-and chemotherapy for breast cancer in a patient with no history of cardiovascular risk factors or cardiovascular disease at the time of the oncological treatment.
Case report
A 54-year-old female presented with inspiratory dyspneea at moderate effort in the last month and paroxistic nocturnal dyspneea in the last week (first episode). She had a history of nonST myocardial infarction and stenting of the circumflex artery 18 months before. Six years before she had surgery for left breast cancer and adjuvant oncological therapy consisting of chemotherapy (no documents regarding the treatment regimen) and radiotherapy (a total dose of 50 Gy). The patient had no cardiovascular disease prior to the breast cancer diagnosis and no significant cardiovascular risk factors.
Physical examination revealed left anterior thoracic scar, postmastectomy, fine crackles in both lung bases and no signs of systemic congestion. Cardiac examination revealed regular cardiac rhythm, left S3 sound and a holosystolic murmur of mitral regurgitation. Chest ra-
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Keywords: cancer adjuvant therapies, cardiovascular complications, echocardiography, tissue Doppler imaging, speckle tracking. diography revealed signs of pulmonary stasis and normal cardiac dimensions. Standard electrocardiography (ECG) revealed sinus rhythm, with no acute morphological changes. The laboratory tests were normal, with the exception of an increased value of the N-terminal-pro brain natriuretic peptide (NT-proBNP) of 524 pg/ml (reference values: 10-157 pg/ml). Oncological evaluation found no signs of activity of the disease. Specific tumoral serum markers were between normal values.
Conventional transthoracic echocardiography revealed mild left ventricular and atrial dilation, normal right atrial and ventricular cavities, but with right ventricular hypertrophy. Valvular morphology revealed important fibrotic lesions of the posterior mitral leaflet, with severe restriction of its mobility and severe mitral regurgitation ( fig 1a) . Severe tricuspid regurgitation and a calculated systolic pulmonary artery pressure of 69 mmHg were found, but no pericardial abnormalities. The patient had diffuse hipokinesia and severe global systolic dysfunction of the left ventricle, with a calculated left ventricular ejection fraction of 38% (Simpson method). Severe left ventricular systolic dysfunction was confirmed by tissue Doppler imaging which revealed decreased peak systolic annular velocities in all ventricular walls (S'=5 cm/s) (fig 1b) and by speckle-tracking deformation imaging (strain and strain rate). Important changes of the global longitudinal strain (GLS %) of the left ventricle, the lowest values found were -13.2% for the longitudinal axis view (normal values for age and gender are -20%) (fig 2a) , with an average value of the global longitudinal peak strain of -15.2% (fig 2b) were detected. Moderate right ventricular systolic dysfunction was also found, with reduced tricuspid annular plane systolic excursion, TAPSE=14 mm (normal values 24±3.5 mm), and reduced peak systolic tricuspid annular velocity at tissue Doppler imaging -Sa=14 cm/s (normal values 18.1±2.3 cm/s) and right ventricle diastolic dysfunction (E'/A' ratio=0.48), in the absence of right ventricular morphological changes.
During hospitalization, the patient received specific treatment for heart failure with favorable outcome and had no episodes of angina. At discharge, the patient was referred to cardiac surgery for the evaluation of the opportunity of atrioventricular valvular reconstruction.
Discussions
The particularities of this case are: the occurrence of an acute coronary event in a relatively young female, in the absence of cardiovascular risk factors and the relatively short time after chemo-and radio-therapy in developing the first episode of heart failure. The severity of cardiac morphological and functional changes found on ultrasound examination should also be noted. In the absence of an ultrasound cardiac examination, the importance and the character of the heart lesions, as well as the main etiology of heart failure (in a patient with a coronary event and chest irradiation) could not have been appreciated and, as a consequence, the therapeutic plan could not have been established. In our opinion, left ventricular dysfunction might be partially explained by the coronary event mentioned in the recent medical history of the patient, another potential mechanism being the severe myocardial fibrosis induced by radiotherapy. Left thoracic radiation might also explain the other abnormalities found on echocardiography -systolic right ventricular dysfunction in the absence of ventricular dilatation and valvular fibrosis with severe mitral and tricuspid regurgitations.
In this patient, in the presence of a severe mitral regurgitation, there was a modest dilatation of the left heart cavities which is another argument for fibrosis of the cardiac walls as a cause. In this context there was an important global hipokinesia leading to heart failure and severe pulmonary hypertension.
The benefic effect of radio-and chemo-therapy on survival is counterbalanced by the risk of side effects, among which cardiac damage is the most severe [3, 4] . Radiation induced heart disease (RIHD) is a heterogeneous condition and includes pericarditis, myocardial fibrosis and cardiomyopathy, coronary artery disease, valvular disease and arrhythmias [5, 6] . Patients with breast cancer (especially left breast cancer) and Hodgkin disease represent the largest population exposed to chest radiation [7] .
Pathological changes in coronary arteries, induced by radiation are characterized by microvascular damage, inflammation and fibrosis. In medium and large arteries, morphological changes are quite similar to atherosclerosis [8] , but in small arteries there is often subendotelial fibrosis, accumulation of acellular collagen in the media and of foam cells in the intima [9] . Dose of radiotherapy over 8 Gy are associated with increased size and number of lesions in major arteries and the resulting plaques are more unstable and prone to rupture [10, 11] . Arterial fibrosis is considered an independent risk factor for longterm cardiovascular disease in early stage breast cancer. High-dose exposure is related to cardiac morbidity, including coronary artery disease but there is no consensus regarding a protective low-dose threshold.
Myocardial damage occurs after capillary loss from microvascular changes induced by radiotherapy because of subsequent hipoxia. Histological studies also revealed inflammatory and prothrombotic changes and progressive fibrosis replacing the myocardial tissue. There is an increase in both type I and type III collagen in irradiated hearts that leads to a decrease in tissue elasticity and distensibility and finally to a reduction in the ejection fraction and cardiac output [12] . The clinical expression of these changes is heart failure.
Postradiotherapy valvular disease is less well characterized compared to the vascular, myocardial and pericardial diseases, although valvular damage is frequently seen in these patients. Valvular fibrosis is not related to microvascular damage as heart valves are avascular. Post mortem analysis showed evidence of valvular fibrosis and dysfunction in up to 81% of patients and with no chronic inflammation [13, 14] . The most frequent valvular dysfunction is valvular incompetence. A mean dose of 46 Gy is related to the presence of valvular fibrosis. It is appreciated that in most patients there is a significant latent period before the development of symptoms. Our patient was irradiated with a total dose of 50 Gy which may explain the magnitude and precocity of her heart lesions.
Identifying patients with high risk for cardiac damage due to cancer therapy is very important and cardiac imaging evaluation of patients before, during and after therapy is mandatory, along with clinical evaluation. Young age and left anterior thoracic radiation are considered significant risk factors for cardiac damage and these patients should be careful followed in order to detect subclinical changes. The most useful imaging technique is echocardiography because of its large availability, easy repeatability, accuracy and safety. It allows a comprehensive evaluation of cardiac valves, dimensions, systolic and diastolic function and of the aorta and pericardium [15] . New techniques like global longitudinal speckle tracking are especially useful for detecting subtle myocardial dysfunction in patients with apparently normal ventricular systolic function (normal ejection fraction) [16] . Therefore, these methods are now included in the follow-up protocols for patients that receive chemotherapy and/or radiotherapy [17] .
